Anesthetic recovery and hemodynamic effects of continuous thiopental infusion versus halothane for maintenance anesthesia in patients undergoing ocular surgery Shoroghi, Mehrdad; Farahbakhsh, Farshid; Sheikhvatan, Mehrdad; Sheikhfathollahi, Mahmood; Abbasi, Ali; Talebi, Azam Link to publication in University of Groningen/UMCG research database Citation for published version (APA): Shoroghi, M., Farahbakhsh, F., Sheikhvatan, M., Sheikhfathollahi, M., Abbasi, A., & Talebi, A. (2011). Anesthetic recovery and hemodynamic effects of continuous thiopental infusion versus halothane for maintenance anesthesia in patients undergoing ocular surgery. Acta cirurgica brasileira, 26(3), 207-213. https://doi.org/10.1590/S0102-86502011000300009 Copyright Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
Introduction
Selection of the best anesthetic protocol with minimized complications is quite challenging and much scientific efforts have been focused on qualifying anesthesia. The use of volatile and induction agents can lead to hemodynamic alterations and serious cardiovascular and respiratory complications that have been documented in several animal models 1 . These side effects have been more marked with some agents such as halothane and thiopental. In some studies, it has been shown that the halothane could induce a profound alteration in heart and respiratory rates and abnormal cardiac rhythms included ventricular fibrillation, ventricular bigeminy, and multifocal ventricular rhythms were occurred by the use of this inhalational agent [1] [2] [3] [4] . Furthermore, the changes in both systemic and cerebral hemodynamics have been shown in the patients undergoing general anesthesia by using thiopental [5] [6] [7] .
Although a relatively high incidence of cardiac arrhythmias and hemodynamic alterations during halothane and thiopental anesthesia has been reported in animal models, these changes have not been clearly investigated in humans. Moreover, since these two agents are used extensively in general anesthesia of patients undergoing various types of surgeries, it appears that a more detailed investigation in surgical patients is needed. There are a few reports to examine the continuous intravenous (IV) infusion of thiopental for maintenance anesthesia. The purpose of the present study was to compare the anesthesia recovery and hemodynamic status in patients under IV infusion thiopental versus halothane maintenance anesthesia undergoing ocular surgery.
Methods
In a prospective clinical trial study, 59 voluntary patients of ASA grade 1 and 2 aged 22-86 years old with ocular and candidate for surgery in Farabi Hospital, Tehran, Iran were included. The investigation was approved by the Educational Hospital Ethics Committee, governing the participation of human subjects in research at the Tehran University of Medical Sciences, according to the principles outlined in the Declaration of Helsinki.
The procedure and type of anesthetics were explained to the patients, and written informed consents were obtained from all the patients before induction of anesthesia. The participants with the history of cardiovascular disease, allergy to barbiturates, acute alternative porphyria, respiratory disorders, persistent asthma, Addison's disease, liver diseases, renal failure, myxedema, severe anemia, or myasthenia gravis were excluded. All patients were given an intravenous injection of fentanyl (1.5µg/kg), diazepam (0.1mg/kg), 5 minutes before anesthesia induction. All patients underwent induction of anesthesia with a single bolus IV thiopental (4 to 6 mg/kg) and oxygen. After evaluating the effect of premedication, patients were randomly allocated to receive maintenance anesthesia by using either inhaled halothane (group I, n=37) after the tracheal intubation or continuous infusion of thiopental (group II, n=22) immediately after the anesthesia induction. Endotracheal intubation was facilitated with atracurium (0.5-0.7 mg/kg IV, maximum dose of 2.5 mg) and the mechanical ventilation was set at a rate of 12 per min and a volume of 10 ml/kg. Upon completion of surgery, the neuromuscular block was antagonized with neostigmine (80 μg/kg, maximum dose of 2.5 mg) and atropine (40 μg/kg).
In group I, inhaled concentration of halothane was set at 0.8% to 1%. The group II was given thiopental infusion of 10 to 12 mg/kg/hour by using infusion pump. This infusion rate was maintained at a fix value during operation. Halothane was transferring to recovery room were recorded and examined. The depth of anesthesia was objectively and subjectively evaluated during the anesthesia and recovery period, respectively. The patients' movement and hemodynamics were considered for the objective assessment of the anesthesia. In the recovery room, all the patients were asked about the any sensation and sound during the general anesthesia.
We calculated a sample size so that a between-group mean difference in recovery time would permit a two-tailed Type I error rate of α=0.05 with a power of 69%. This analysis indicated that a sample size of at least 20 patients per group was necessary. After randomization of the patients who fulfilled the inclusion criteria, 59 patients who had the complete records for the intraoperative parameters and anesthesia recovery were selected.
Numerical variables were presented as mean ± SD, while categorized variables were summarized by percentages.
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Continuous variables were compared using the Student's t test or nonparametric Mann-Whitney U test whenever the data did not appear to have normal distributions, and categorical variables were compared using chi-square or Fisher's exact test, as required.
Modeling the mean response over time was the main feature of analysis we followed to deal with the longitudinal data. In other words, since all individuals were measured at the same set of occasions, we performed separate Analyzing Response Profiles 8 using Proc Mixed in SAS to compare blood pressure, heart rate, and arterial oxygen saturation across the two groups. Halothane group and the time of patients' entrance to the operation room were considered as the reference points. Model parameters were estimated using Generalized Least Squares (GLS) estimator.
Since Maximum Likelihood (ML) estimate of covariance matrix has well-known bias in finite samples, parameters of covariance matrix were estimated using Restricted Maximum Likelihood (REML) estimation. The type of covariance matrix was specified as unstructured, since we had no prior knowledge concerning the main feature of correlation type among responses across the time.
For univariate analysis, the statistical software SPSS version 13.0 for windows (SPSS Inc., Chicago, IL) and for analyzing response profiles, the statistical package SAS version 9.1 for windows (SAS Institute Inc., Cary, NC, USA) were used. All p values were 2-tailed, with statistical significance defined by p≤0.05.
Results
Demographic characteristics and medical history of the patients who received thiopental and halothane are shown in Table   1 . Preoperative patient variables did not differ significantly with respect to gender, age, weight, and the previous histories of hypertension and diabetes mellitus. The depth of anesthesia was similar between groups. Also, the frequencies of current cigarette smoking and opium addiction were similar in the two groups.
In terms of hemodynamic parameters, there were no significant differences in the mean of systolic blood pressure at the time of patients' entrance to the operation room and in time points of one minute and five minutes after the administration of anesthetics; however, blood pressures were significantly appeared lower in halothane group across the other points if time ( Table 2) . Data are presented as mean ± SD p ≤0.05 from two-sided tests was considered statistically significant Also, two studied groups had similar mean heart rate at the time of patients' entrance to the operation room, but heart rates were significantly lower in halothane group over the time points of one minute through twenty five minutes after the administration of anesthetics (Table 3) . Data are presented as mean ± SD p ≤0.05 from two-sided tests was considered statistically significant Arterial oxygen saturation was followed a similar pattern in the two groups across the whole time points (Table 4) . Postoperative outcomes of the patients in the two studied groups are shown in Table 5 . (Figures 1 to 3) . Estimated regression coefficients and standard errors based on an analysis of response profiles comparing heart rate levels between the two groups revealed that the thiopental group had an additional increase in mean heart rate levels from the time of patients' entrance to the operation room to the time points of 20 minutes, when compared to halothane group. In contrast, the first group had an additional decrease in mean heart rate levels from 20 minutes through the last time point, in comparison with halothane group (Table 6) . 
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Discussion
Various types of anesthetic agents may influence and alter hemodynamic status, but these effects are different due to the type of these agents. In the present clinical trial study, we tried to examine the impact of continuous infusion of thiopental and inhaled halothane as maintenance anesthesia on operative hemodynamic status and also compare the time intervals between the end of surgery and the beginning of physical active responses for assessment of the recovery time. According to the obtained results, although systolic blood pressure and heart rate in patients who received thiopental was similar to those received halothane in baseline, these indices, in subsequent time points, were frequently lower in halothane group. Furthermore, postoperative movement, respiratory efforts, and transferring to recovery, following surgery, were initiated faster due to thiopental use compared to halothane.
More effect of halothane on hemodynamic status in comparison with other anesthetic agents has been shown in the previous studies. Büch et al. 9 confirmed more decline of regional blood flow in many tissues induced by halothane. In a study by Goelz Abbasi A et al.
et al. 1 it was indicated that both halothane and isoflurane altered heart rate and blood pressure; however, halothane induced a more profound alteration in heart rate and respiratory rate. In addition, in another study by Dedhia et al. 2 there was a notable reduction in the mean heart rate and systolic blood pressure in group received halothane at 30 seconds followed by a gradual fall. It has been
shown that the halothane has a potential role on the conducting tissues of the ventricle and even its increased sensitivity to catecholamine blood pressure alterations and arrhythmias resulted primarily from its action on these tissues 10 . Moreover, it has been confirmed that halothane caused a significant and dose-dependent decrease in cardiac output and this reduction was dependent to halothane effects on antipyrine disposition profoundly affected by this anesthetic agent 11 .
Besides, alteration in hemodynamic status has been also caused by the use of thiopental and this effect can be mainly related to the change of cardiac parasympathetic tone 12 . However, the supportive roles of thiopental have been highlighted more than other agents. Kobayashi et al. 13 indicated that the thiopental had a greater suppressive effect on neuronal injury during identical duration of ischemic depolarization than halothane and propofol does, which can be due to its lower influence on hemodynamic alteration. Moreover, it seems that the effects of both anesthetic agents are dose-dependent and should be regulated on the basis of patient's age and clinical condition. It was previously attributed the mechanism for the 50-67% decrease in the required dose of thiopental for induction of anesthesia in aged human patients to a decrease in the initial distribution volume for thiopental 14 . It has been also concluded that the required dose of thiopental should be regulated by the evaluation of patient's blood gas situation so that the increase of thiopentone binding in human serum was more pronounced at pH 6 to 6.8 than at pH 7.4 15 . However, all patients with underlying disorders could cause blood gas alteration were excluded from the study.
In the present study, it was also found that the arterial oxygen saturation was similar between the two groups in all points of time and did not change within the time points of 1 to 40 minutes in both groups. However, previous findings indicated that the halothane and thiopental used at clinically relevant concentrations modulate the pulmonary SP-C mRNA content in animal models.
It has been also confirmed that the volatile anesthetics can reduce surfactant phospholipid biosynthesis by rat alveolar type II cells 16 .
However, respiratory effects of both agents should be more investigated in further human studies.
There are some potential limitations in interpreting these data. Our randomized clinical study was an open-label investigation, necessitated by the various modes of drug administration and the differing physical appearances of the anesthetic and analgesic drugs. However, the personnel caring for study patients in the postoperative period were unaware of the anesthetic and analgesic drugs given intra-operatively and thus remained unbiased.
Conclusions
Continuous infusion of thiopental can be applied effectively and safely for maintenance of anesthesia. In comparison with halothane, it is associated with lower changes of intraoperative hemodynamics and faster anesthesia recovery.
